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FOREWORD 



This Indian Standard (Parts 1 to 4) was adopted by the Bureau of Indian Standards, after the draft finalized 
by Rock Mechanics Sectional Committee had been approved by the Civil Engineering Division Council. 

The engineering problems caused by swelling rocks are widely recognized, as is the need to test these 
rocks to determine the type and extent of their swelling behaviour and to measure this for the purposes 
of design. 

The methods for laboratory testing of argillaceous swelling rocks described in this standard are based on 
the suggested method recommended by International Society of Rock Mechanics. 

The methods which give an integrated approach to testing, analysis and design are covered in following 
four parts: 

Part 1 Sampling, storage and preparation of test specimens 

Part 2 Determining maximum axial swelling stress 

Part 3 Determining axial and radial free swelling strain 

Part 4 Determining axial swelling stress as a function of axial swelling strain 

Because of the variability, the swelling rocks often require special treatment during both specimen preparation 
and testing. However in the normal circumstances the methods suggested in the standard should be followed. 

Part 1 describes techniques for sampling, preparing and storing specimens for laboratory swelling tests of 
argillaceous rocks. The test described in Parts 2 and 3 are simple ones providing first estimates of the 
order of magnitude of the maximum swelling stress and maximum swelling strain. For rigorous analysis 
and design only the complete stress strain behaviour as obtained with the test described in Part 4 is acceptable. 
Since such complete tests may last for as long as four months, first estimates obtained with either one 
or both of the simpler tests shall be useful for engineering purposes, for example in preliminary design. 
Also the simple test allow one to quickly estimate where the most critical zone exists and to collect additional 
samples there for use in complete test. Finally simple test may be used in field control tests during construction. 
The engineer is responsible for selecting the appropriate tests in the context of design and construction 
of a particular project. The test described are intended for practical use. For research on swelling behaviour, 
other tests may have to be used. 

Technical Committee responsible for the formulation of this standard is given in Annex D. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test, shall be rounded off in accordance with 
IS 2:1960 'Rules for rounding off numerical values (revised)'. The number of significant places retained 
in the rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 

ARGILLACEOUS SWELLING ROCKS - 
METHODS FOR LABORATORY TESTING 

PART 1 METHOD FOR SAMPLING, STORAGE AND PREPARATION 

OF TEST SPECIMENS 



1 SCOPE 

1.1 This standard covers the techniques for sampling, 
preparing and storing specimen for laboratory swelling 
test for argillaceous rocks. 

2 SAMPLING 

2.1 Collection of Samples 

2.1.1 To obtain meaningful results from swelling tests, 
the samples should have, as far as possible, the same 
density and water content as those in-situ at the time 
of sampling. For collection of samples, following 
procedure may be followed: 

a) Rock sample should preferably be collected 
from core borings. Borings should be 
performed with air pressure or, with an anti- 
swelling admixture (such as Antisol) in the 
cooling (flushing) water, whichever is best 
to keep the sample as close to its natural state 
as possible. 

b) For coring, either double or triple tube core 
barrel having core dia closer to 100 mm should 
be used. Care should be taken to take 
sufficient sample to prepare at least three 
undisturbed specimens and have enough 
additional material for identification tests. 

c) Alternatively, block sampling having fine 
dimensions to be sufficient for preparation 
of at least three undisturbed specimens and 
leaving additional material for identification 
tests, shall be prepared. 

d) The core or blocks sampled shall be logged 
by a geologist and photographed. Prior to 
logging, the core or blocks should be cleaned 
by removing the mud cake. Their condition 
such as mechanical breakage, presence of 
mud cake on the surfaces of core or block 
and presence of seems shall be noted. Natural 
fissures, if any, should be clearly identified. 

e) The sample shall then be wrapped with a 
waterproof liner such as thin plastic sheet 
followed by aluminium foil and sealed with 
paraffin wax. 

f) The sealed cores or blocks shall be labelled 
giving details of the sampling location, depth 
and elevation. 



g) To reduce breakage of cores or blocks during 
transportation from the field site to the testing 
laboratory, the samples shall be placed in 
containers and the space between cores or 
blocks and the container wall shall be filled 
with suitable cushioning material such as 
straw shredded foam or paper. 

h) Samples shall be protected from frost and 
extreme heat at all times during sampling 
and transportation. 

3 STORAGE OF SAMPLE 

While storing the sample following points shall be 
taken into account: 

a) Storage time should be minimized. 

b) Storage in a constant temperature (27°C) room 
should be preferred. 

c) The sample shall not be exposed to desert 
sunlight. 

d) If long-term storage is necessary, humidity 
in the storage room should be such as to 
minimize any moisture gain or loss of the 
sample. 

4 SPECIMEN PREPARATION 

a) The sampling logs and photographies shall 
be examined to select blocks and core that 
will yield the required sizes, shapes and 
numbers of specimens. 

b) Multiple specimens shall be prepared from 
the same sample. At least three shall be used 
for testing and one as a reference specimen 
for determination of water content, specific 
gravity and degree of saturation. (The 
particular number of specimens for each of 
the tests depends on the availability of 
material and on the testing program). 

c) Specimens shall be prepared as rapidly as 
possible. If machining (cutting, recoring to 
a smaller diameter) of the specimen is 
required, this shall be done with air-cooling 
or with an anti-swelling medium (such as 
Antisol) in the cooling water, whichever is 
best to keep the specimen as close to its 
natural condition as possible. In general, 
recoring shall be avoided. For argillaceous 
rocks that break easily, the special procedure 
described in Annex A is to be used. 
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d) The specimen required for determining 
maximum axial swelling stress, axial and 
radial free swelling strain and axial swelling 
stress as a function of axial swelling strain 



shall be in the shape of a right circular disc. 
For specimen diameter between 50 and 100 
mm, a thickness between 20 and 30 mm is 
recommended. 



ANNEX A 

[Clause 4(c)] 

SPECIMEN PREPARATION FOR ROCKS THAT CAN EASILY BREAK 



A-l The intact specimen should be trimmed into a 
sharp-edged, approx 65 mm diameter and 20 mm tall 
highly polished stainless steel confining ring. The 
sample should be hand carved in a humidity controlled 
room using sharp and pointed (for instance Bard Parker 
No. 10) stainless steel surgical blades. 

A-2 A slice approx 30 mm thick should be cut flat 
from an undisturbed cylindrical (or block shaped) 
sample. If necessary the slice-ends should be refinished 
flat and nearly parallel to each other using a sharp, 
straight edge. 

A-3 The slice is to be placed and centred on the 
lower adapter of a manual press (Fig. 1). The manual 
press is modified from a U-116 Field Classification 
Tester (SOrLTEST.INC) using two adapters and 
bearings so that the swelling rock slice can be rotated 
freely during the trimming process. 

A-4 After removing any rock from outside the ring, 
the trimming ring is to be pressed down in small 
increments (generally less than 2 mm) using the 
manual press. Prior to each increment the part of the 
specimen just below the trimming ring is to be 
handcarved as close as possible to the final dimension 
but without undercutting, so that only a thin annular 
layer is removed by the advancing ring. This is to 
be continued until the specimen completely occupies 
the 20 mm high ring. 

A-5 The face of the specimen at the sharp end of 
the ring is to be cut flat using a sharp, straight edge. 

A-6 For testing the specimen, height must be less 
than the ring height, A spacer approx 5 mm thick 
is to be placed against the flat surface and using the 
manual press the trimmed specimen is pushed out 
in the direction opposite to the one it has been pushed 
in. 



A-7 The specimen is then to be cut flat at this 
opposite end using a sharp straight edge as it extrudes 
out of the ring, such that the desired specimen thickness 
is reached. 




eigsgsC 




1 Bearings 4 

2 Upper Adapter 5 

3 Trimming Ring 6 



Lower Adapter 

Bearing 

Specimen 



Fig. 1 Manual Press 
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Indian Standard 

ARGILLACEOUS SWELLING ROCKS - 
METHODS FOR LABORATORY TESTING 

PART 2 METHOD FOR DETERMINING MAXIMUM AXIAL SWELLING STRESS 



1 SCOPE 

1.1 This standard covers the method of test intended 
to measure the axial stress necessary to constrain an 
undisturbed radially confined rock specimen at 
constant thickness when immersed in water. This 
does not cover anhydrite swell testing which requires 
different treatment. 

2 APPARATUS 

The apparatus to lj>e used for carrying out the test 
shall be as per dejtail mentioned in Annex B. 

3 PROCEDURE; 

3.1 The following) procedure shall be followed for 
performing the test: 

a) The test shall be conducted in an environment 
where the ambient temperature is maintained 
at 27 ± 2°C. 

b) The thickness h of the specimen prepared 
as per IS 14396 (Part 1) : 1996 shall be 
measured in at least three places between 
specimen ends, to an accuracy of ± 0.1 mm. 

c) The specimen diameter d shall be measured 
at least at three places along the specimen 
height and in at least three directions at each 
of these three locations. Measuring accuracy 
shall be better than ±0.1 mm. 

d) The mass of the specimen shall then be 
determined to 0. 1 g and the mass M { recorded. 

e) The specimen ring shall be cleaned, and its 
mass M o be determined and recorded. 

f) The specimen shall then be inserted into the 
ring. The specimen must fit snugly. 

g) The apparatus shall be assembled; the ring 
with the specimen shall be placed on the 
lower porous plate, followed by the upper 
porous plate and the steel loading plate. The 
piston shall be brought into contact with the 
top plate and centred. 

h) A seating load corresponding to an axial stress 
of 25 kPa shall be applied. The initial readings 
of the micrometer dial gauges shall be noted. 

j) The cell then shall be filled with water to 
cover the top porous plate. Either distilled 
water, water from the sampling site or water 
with a special chemical composition may be 
used. However, distilled water shall be 
preferred. 



k) The axial force N and the axial displacement 5 
shall be measured and recorded as a function 
of elapsed time t. 

m) Small amounts of axial strain shall be 
compensated in a stepwise manner by 
increasing the axial force as shown in Fig. 
2B. The steps should be kept as small as 
possible, particularly towards the end of the 
test (see Fig. 2B); this is necessary to obtain 
an accurate measurement of the maximum 
axial force and thus maximum axial swelling 
stress. An axial strain of 0.05% in the last 
increment is usually adequate. 

n) The test should be continued until no more 
axial swelling displacement can be observed 
or the maximum axial force (maximum axial 
swelling stress) has been reached (Fig. 2A). 

p) The ring with the specimen shall be removed 
from the cell, the excess water wiped off, 
and the mass A/, determined and recorded. 
For strongly swelling rock the water shall be 
drained off before unloading. 

q) The specimen with the ring shall be heated 
in an oven to constant mass at a temperature 
of 105 ± 2°C. 

r) The specimen shall be removed from the ring 
and allowed to cool in a desiccator. Hie 
oven-dry mass Af 3 shall be determined and 
recorded. Alternatively, the specimen may 
be oven heated, without the ring. 

4 CALCULATIONS 

The following test parameters shall be calculated: 
the area of cross section of the specimen, A; the axial 
stress o; the compensated swelling strains e 

a) The area of cross section A of the specimen shall 
be calculated as: 

tuP 
A = T 

where d is the specimen diameter. 

The axial stress a shall be calculated as: 

N 
a = — 

A 

where N is the measured axial force. 
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b) The compensated swelling strain A m shall be 
calculated as: 



A, = 



A8 



where A8 is the displacement increment and A o , the 
original thickness of the specimen. 

c) Density, initial and final water contents and degree 
of saturation shall be calculated. 

5 REPORTING OF RESULTS 

5,1 The report shall include the following for each 
specimen: 

a) A unique identification of the sample and of 
each individual specimen. 

b) Information on geographic origin, lithology, 
fabric and, if possible mineralogy and pore 
water chemistry of the sample specimen. 

c) Date and method of sampling; date(s) of 
testing. 

d) Method of sealing and storage. 

e) Method of specimen preparation for testing. 

Orientation of the specimen axis relative to 
specimen anisotropy and relative to in-situ 
directions. 

g) Dimensions of the test specimen. 

h) Density,water content, specific gravity and 
degree of saturation of the reference specimen 
[see IS 14396 (Parti) : 1996]. 

j) Final density, water content and degree of 
saturation of the test specimen. 

k) Test temperature. 

m) Applied preload. 

n) Specifications of water used for immersion. 

p) A plot of axial stress vs elapsed time, similar 
to Fig. 2A. 

q) A plot of axial stress vs compensated swelling 
strain, similar to Fig. 2B. 

r) Maximum axial swelling stress (see Fig.^A), 
this is the maximum stress needed to maintain 
a constant specimen height. 

s) Total compensated swelling strain (optional). 




1 Stainless Steel Ring 5 Micrometer Dial Gauges 

2 Porus Metal Plates 6 Load Measuring Device 

3 Stainless Stee Loading Plate 7 Loading Frame 

4 Cell 8 Loading Piston 

Fig. 1 Apparatus for Measuring the Axial 
Swelung Stress 
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Fig. 2A Axial Stress Vs Elapsed Time 
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Fig. 2B Axial Stress Vs Compensated 
Swelung Strain 



ANNEX B 
{Clause 2) 

APPARATUS 
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The apparatus shall include the following as 
schematically shown in Fig. 1: 

a) A stainless steel ring [(1) in Fig. 1] for rigid 
radial restraint of the specimen. The inner 
surface of the ring is to be polished and smooth. 
The wall thickness of the ring depends on its 
other dimensions and has to be calculated based 
on those dimensions and die maximum lateral 
stresses to be expected. Not more than 
\Qr* radial strain is allowed. Thicknesses 
between 5 and 10 mm usually are satisfactory. 
Several rings should be available to fit all 
desired specimen dimensions. 

b) Two porous metal plates [(2) in Fig. 1], The 
porous plates should be made of high modulus 
material. Porous stainless steel plates are 
most suitable. Alternatively, stainless steel 
plates into which a number of small holes 
(dia 0.1 mm) have been drilled are also 
suitable. In the latter case, small channels 
connecting the small holes to the water supply 
are required. 

c) One porous plate is to be above the specimen 
and the other below. The lower plate is to 
have a diameter of approx 5 mm greater than 
the outer diameter of the specimen ring, and 
the upper plate has to be of a size just fitting 
the inside of the ring without restraining its 
movement. 

d) A stainless steel loading plate [(3) in Fig. 1] 



of the same bottom diameter as the upper 
porous plate, but slightly conically shaped, 
and placed on top of the porous plate. The 
loading plate has to be thick enough to ensure 
rigid strain application; for specimen 
diameters between 50 and 100 mm, a 10 mm 
thick plate is adequate. 

e) A rigid frame [(7) in Fig. 1] with a loading 
device capable of continuous adjustment to 
maintain the height of specimen at a constant 
value. 

f) A loading piston or rod [(8) in Fig. 1] with 
a hemispherical end or a separate sphere to 
rest on the loading plate. 

g) Two micrometer dial gauges [(5) in Fig. 1] 
with a sensitivity of 2.5 microns to measure 
the axial swelling or compressive 
displacement of the specimen. The dial 
gauges are attached to the bottom of cell (4). 

h) A stiff load measuring device [(6) in Fig. 1], 
for instance an electromechanical load cell 
capable of measuring to an accuracy of ±0.5 
percent of the maximum rating of the load 
measuring device. 

j) A cell [(4) in Fig. 1] to contain the specimen 
assembly, and filled with water to a level 
above the top of the specimen. 

k) A desiccator. 



As in the Original Standard, this Page is Intentionally Left Blank 
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ARGILLACEOUS SWELLING ROCKS - 
METHODS FOR LABORATORY TESTING 



PART 3 METHOD FOR DETERMINING AXIAL AND RADIAL FREE SWELLING STRAIN 



1 SCOPE 

1.1 This standard covers the method of test to measure 
the axial and radial free swelling strain developed 
when an unconfined, undisturbed rock specimen is 
immersed in water. 

2 APPARATUS 

2.1 The apparatus should include the following as 
shown in Fig. 1. 

a) A cell to contain the specimen [(1) in 
Fig. 1], 

b) A micrometer dial gauge (or equivalent) with 
a sensitivity of 2.5 microns, mounted to 
measure the swelling displacement on the 
central axis of the specimen [(2) in Fig. 1]. 



c) A glass plate, positioned at the point of 
gauging to prevent indentation of the specimen 
[(3) in Fig. 1]. 

d) A thin (0.1 mm) flexible, stainless steel band 
[(4) in Fig. 1] attached to the specimen by 
an elastic rubber band. The steel band is 
calibrated at 0.1 mm intervals and is used 
to determine the radial swelling deformation. 

3 PROCEDURE 

The following procedure shall be followed for 
performing the test; 

a) The test shall be conducted in an environment 
where the ambient temperature can be 
maintained at 27 ± 2°C. 




1 Cell 

2 Dial Gauge 

3 Glass Plate 

4 Stainless Steel Band 

5 Specimen 

Fig. 1 Apparatus for Measuring the Swelling Strain 
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b) The specimen thickness fc shall be measured 
in at least three places between specimen 
ends, to an accuracy of ± 0.1 mm. 

c) The specimen diameter d a shall be measured 
in at least three places along the specimen 
thickness and in at least three directions at 
each of these three locations. Measuring 
accuracy shall be better than ± 0.1 mm. 

d) The mass of the specimen shall then be 
determined to 0.1 g and the mass recorded. 

e) The stainless steel band shall be attached and 
the specimen with the dial gauge (or 
equivalent) shall be mounted in the cell 

f) The cell shall be filled with water to cover 
the specimen. Either distilled water, water 
from the sampling site or water with a special 
chemical composition may be used. Distilled 
water shall normally be used, 

g) The axial swelling displacement 5 shall be 
recorded as a function of time elapsed. 

h) The swelling displacement shall be recorded 
until a constant or a maximum value ha? 
been reached. 

j) After swelling is terminated, and before the 
specimen is removed from the cell, the 
increase in circumference Ac shall be 
measured with the stainless steel band. 

k) The specimen shall be heated in an oven to 
constant mass at a temperature of 105 ± 2°C, 
then cooled in a desiccator, and the over- 
dry mass determined and recorded. 

4 CALCULATIONS 

4.1 The axial swelling strain € ax and the radial 
swelling strain e rad shall be determined as mentioned 
below: 



5 REPORTING 

5.1 The test report shall include the following for 
each specimen: 

a) A unique identification of the sample and of 
each individual specimen. 

b) Information on geographic origin, lithology, 
fabric, and if possible, mineralogy of the 
sample specimens. 

c) Date and method of sampling; date(s) of 
testing. 

d) Method of sealing and storage. 

e) Method of specimen preparation for testing. 

f) Orientation of the specimen axis with respect 
to specimen anisotropy and relative to in-situ 
directions. 

g) Dimensions of the test specimen. 

h) Density, water content, specific gravity and 
degree of saturation of the reference specimen. 

j) Water content of the test specimen after the 
swelling test. 

k) Test temperature. 

m) Specification of water used for immersion. 

n) A plot of axial swelling strain vs elapsed 
time similar to Fig. 2. 

p) Maximum axial swelling strain (see Fig. 2). 

q) Maximum radial swelling strain (see Fig. .2). 

r) Volumetric stiain, either computed from axial 
and radial swelling strain for regularly shaped 
specimens, or determined by the liquid 
displacement method. 



a) The axial swelling strain shall be calculated as: 

5 

K 

where 8 u is the axial displacement and h o is the 
original Sickness of the specimen. 

b) The radial swelling strain shall be calculated as: 

t= — rad 

~ d „ 
where d o is the initial spcimen diameter and 

8 = — 

where Ac is the increase in specimen circumference 
as measured with the stainless steel band [see 3(j)]. 

c) Density, initial and final water contents and degree 
of saturation are calculated. 




TIME 



Fig. 2 Determination of Swelling Strain 
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ARGILLACEOUS SWELLING ROCKS - 
METHODS FOR LABORATORY TESTING 

PART 4 METHOD FOR DETERMINING AXIAL SWELLING STRESS AS A FUNCTION OF 

AXIAL SWELLING STRAIN 



1 SCOPE 

1.1 This standard describes the method of test 
intended to measure the axial swelling strain necessary 
to reduce the axial swelling stress of a radially 
constrained rock specimen immersed in water from 
its maximum value to a value which is acceptable 
in the particular application. It is intended for 
application to cases where analogous boundary 
conditions prevail. 

2 APPARATUS 

The apparatus used for carrying out the test may be 
as mentioned in Annex C. 

3 PROCEDURE 

The following procedure shall be followed to carry 
out the test: 

a) The test shall be conducted in an environment 
where the ambient temperature can be 
maintained at 27 ± 2°C. 

b) The thickness h { of the specimen, prepared 
as described in iS 14396 (Part 1) : 1996 shall 
be measured in at least three places between 
specimen ends, to an accuracy of ± 0.1 mm. 

c) The specimen diameter d shall be measured 
in at least three places along the specimen 
thickness and in at least three directions at 
each of these three locations. Measuring 
accuracy shall be better than ±0.1 mm. 

d) The mass of the specimen shall then be 
determined to 0. 1 g and the mass M 1 recorded. 

e) The specimen ring shall be cleaned, and its 
mass M Q recorded. 

f) The specimen shall then be inserted into the 
ring. The specimen should fit snugly into 
the ring. 

g) The apparatus shall be assembled. The ring 
with the specimen shall be placed on the 
lower porous plate, followed by placement 
of the upper porous plate, the loading plate 
and sphere. The load frame shall then be 
placed on the sphere. 



h) The specimen shall be loaded in a stepwise 
manner up to a load corresponding to a desired 
axial stress a A . A stress level comparable to 
the overburden stress at the sample location 
is reasonable. This load and the corresponding 
compression of the specimen shall be 
recorded. 

j) The cell shall then be filled with water to 
cover the top porous plate. Either distilled 
water, or water from the sampling site or 
water with a special chemical composition 
may be used. Distilled water is normally used. 

k) Initial swell heave shall be recorded (curve 
segment 3 in Fig.l). 

m) The axial load shall be reduced in consistent 
decrements. It is usual to reduce the load 
i)y 50 percent in each step. However, other 
decrements may also be chosen. 

n) The swell heave for each load decrement 
shall be measured until no displacement can 
be observed for the particular load decrement. 
The load decrement and the displacement 
shall be recorded. 

p) Steps (m) and (n) are repeated down to a 
load corresponding to 25 kPa. Complete 
unloading is not recommended because 
upward bulging may occur producing 
displacements which are not representative 
of swelling. 

q) The ring with the specimen shall then be 
removed from the cell, the excess water wiped 
off, and the mass M 2 determined and recorded. 

r) The specimen with the ring shall be heated 
in an oven to constant mass at a temperature 
of 105 ± 2°C. 

s) The specimen shall be removed from the ring 
and shall be allowed to cool in a desiccator. 
The oven-dry mass Af 3 shall be determined 
and recorded. Alternatively the specimen 
may be overheated, without the ring. 

4 CALCULATIONS 

The following test parameters shall be calculated: the 
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Fig, 1 Axial Stress Vs Axial Strain 



area of cross section of the specmen, A; the axial 
stress a; the axial compressive and swelling (heave) 
strain e. 

a) The area of cross section A of the specimen shall 
be calculated as: 

where 

d is the specimen diameter. 

b) The axial stress a shall be calculated as: 
~A 



a = 



where 

# is the measured axial force. 

c) The compressive and swelling strain shall be 
calculated as: 



e = 



_8^ 

h 



where 8 is the axial displacement and h is the original 
thickness of the specimen. 

d) Density, initial and final water contents and degree 
of saturation shall be calculated. 



5 REPORTING OF RESULT 

The test report shall include the following for each 
specimen: 

a) A unique identification of the sample and of 
each individual specimen. 

b) Information on geographic origin, lithology, 
fabric and, if possible mineralogy of the 
sample and specimen. 

c) Date and method of sampling; date(s) of 
testing. 

d) Method of sealing and storage. 

e) Method of specimen preparation for testing. 

f) Orientation of the specimen axis with respect 
to specimen anisotropy, specifically with 
respect to bedding planes and relative to in- 
stil* directions. 

g) Dimensions of the test specimen, 

Ji) Density, water content, specific gravity and 
degree of saturation of the reference specimen. 

j) Final density, water content, specific gravity 
and degree of saturation of the test specimen 
after the swelling test. 
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k) Test temperature. 

m) Specifications of water used for immersion. 

n) A plot of axial stress vs total axial strain 
similar to Fig. 1. The plot has to distinguish 
between Ae o in Fig. 2, which is the 
instantaneous strain directly related to the 
axial stress decrement through matrix 
deformation, and A € in Fig.l, which is the 
swelling strain caused by adsorption of water. 
The total strain is thus: 

p) A plot of axial stress vs swelling strain similar 
to Fig. 2. This graph is obtained by plotting 
the swelling strain Ae , for the corresponding 
Stress decrements. The resulting curve can 
be used to estimate the potential swelling 
strains which need to be considered in design. 



SWELLING CURVE- IA t 




AXIAL STRESS 

Fig. 2 Axial Stress Vs Swelling Strain 



ANNEX C 
(Clause 2) 

APPARATUS 



The apparatus should be as described below: 

a) A stainless-steel ring for rigid radial restraint 
of the specimen [(1) in Fig. 3 ]. The inner 
surface of the ring is to be polished and 
smooth. The thickness of the ring depends 
on its other dimensions and has to be 
calculated based on these dimensions and the 
stress to be expected; not more than 10" 4 radial 
strain is allowed. Several rings should be 
available to fit all desired specimen 
dimensions. 

b) Porous metal plates to introduce water at the 
top and bottom of the specimen [(2) in Fig. 3]. 
The porous plates should preferably be made 
of a high modulus material. Porous stainless- 
steel plates are most suitable. Alternatively, 
stainless-steel plates into which a number of 
small holes (dia 0.1 mm) have been drilled 
are also suitable. In the latter case small 
channels connecting the small holes to the 
water supply are required. 

c) One porous plate is to be above the specimen 
and the other below. The lower plate is to 
have a diameter approx 5 mm greater than 
the outer diameter of the specimen ring, and 
the upper plate has to be of a size just fitting 
the inside of the ring without restraining its 
movement. 

d) A stainless-steel loading plate of the same 
bottom diameter as the upper porous plate 
but slightly conically shaped, and placed on 




1 Stainless Steel Ring 

2 Porus Metal Plates 

3 Loading Plate 



4 Cell 

5 Micrometer Dial Gauge 

6 Loading Frame 



Fig. 3 Apparatus for measuring the axial 
Swelling Strain 
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top of the porous plate. The loading plate 
has to be thick enough to ensure rigid strain 
application [(3) in Fig. 3]. An indentation 
in the centre of the plate for placing the 
loading transfer sphere [see (e) below] is 
required. 

e) A loading frame [(6) in Fig. 3], with suitable 
features to apply incremental loads up to a 
total load of 10 kN. Direct loading or indirect 
loading via a lever using lead plates are 
possibilities. The loading frame transmits the 
load to the top steel plate via a 2 cm dia 
polished steel sphere. 



f) A micrometer dial gauge (or equivalent) with 
a sensitivity at 2.5 microns attached to the 
bottom of cell [(4) in Fig. 31 and mounted 
in such a way as to measure compression and 
swelling along the central axial of the 
specimen [(5) in Fig. 3]. 

g) A cell [(4) in Fig. 3] (dia 15 cm) to 
contain the specimen assembly, which is filled 
with water to a level above the top of the 
specimen. 

h) A desiccator. 
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